amines (Ϯ)-3,4-syn 6 (48%) and (Ϯ)-3,4-anti 8 (33%), respectively. Physical data of the present (Ϯ)-6 were identical with those of authentic (Ϯ)-3,4-syn 6. For the purpose of determining the structure of (Ϯ)-7, compound (Ϯ)-7 was converted into the acetate (Ϯ)-9 (88%) and the acetal (Ϯ)-10 (47%) by applying the Evans method.
3) A chemical shift due to the C 5 -H of (Ϯ)-9 appeared in the lower field (d 5.21, dq, Jϭ6, 9 Hz) in comparison with that (d 4.11, quintet, Jϭ6 Hz) of (Ϯ)-7, thus the hydroxyl group was located at the C 5 -position. The anti-stereochemistry of (Ϯ)-7 was confirmed by the following experimental fact. Nuclear Overhauser effect (NOE) experiments of (Ϯ)-10 were shown in Fig. 1 , and the coupling constants of the C 3 -axial and C 4 -axial protons, and the C 4 -axial and C 5 -axial protons were 10 Hz and 10 Hz, respectively, clearly indicating that the starting (Ϯ)-7 possessed 4,5-anti-configurations. Then, the formation of diastereomerically pure (Ϯ)-6 and 4,5-anti 7 was explained by the following experiments.
When a solution of (Ϯ)-6 in MeOH was allowed to stand at 40°C for a long time (4 d) , the rearranged (Ϯ)-7 was obtained in 54% yield along with the starting (Ϯ)-6 (30%). The same reaction was carried out for a short time (2 d) , after which (Ϯ)-7 (43%) and the intermediary (Ϯ)-1 (16%) were obtained along with the starting (Ϯ)-6 (21%). A solution of (Ϯ)-7 in MeOH was exposed at 40°C for 4 d, no change of (Ϯ)-7 was observed. On the other hand, exposure of the syn-thetic (Ϯ)-8 in MeOH at 40°C for 4 d gave (Ϯ)-7 exclusively in 83% yield. These experimental results could be explained by the thermodynamic stability of (Ϯ)-6 and (Ϯ)-8. Based on inspection of the stability of (Ϯ)-6 and (Ϯ)-8 using Dreiding stereomodels, (Ϯ)-8 was presumably more unstable than (Ϯ)-6. Because, in case of (Ϯ)-8, steric repulsion between the C 5 -methyl group and C 3 -substituent appeared to be larger than that of (Ϯ)-6. Consequently, the rate of conversion of the unstable (Ϯ)-8 into (Ϯ)-1 is presumably faster than that of the conversion of (Ϯ)-6 into (Ϯ)-1. According to the above mentioned conversion experiments, the intermediary product resulting from exposure of (Ϯ)-6 in MeOH for 2 d and (Ϯ)-8 in MeOH for 4 d are the retro-Michael reaction product, 4,5-epoxy-2(E)-hexenoate ((Ϯ)-1). From these experimental results, the epoxy ester ((Ϯ)-1) is generated from (Ϯ)-6 or/and (Ϯ)-8, and the liberated N-methylbenzylamine again attacks at the C 4 -position of (Ϯ)-1 in the manner of anti-stereochemistry to afford the (4,5)-anti 7 corresponding to the thermodynamically controlled product. On the whole, the reaction of (Ϯ)-1 with N-methylbenzylamine is explained as follows: At first, a competitive attack by the nucleophile at the C 3 -and C 4 -positions of (Ϯ)-1 presumably occurs to afford (Ϯ)-6, (Ϯ)-8 and the 4,5-anti 7. Then, more unstable (Ϯ)-8 could be converted into (Ϯ)-1, and the partial conversion of (Ϯ)-6 into (Ϯ)-1 probably occurs. Finally, the reaction of (Ϯ)-1 with N-methylbenzylamine gave 3,4-syn 6 corresponding to the kinetically controlled product and 4,5-anti 7 corresponding to the thermodynamically controlled product. The difference in the product ratio of (Ϯ)-6 and (Ϯ)-7 between the absence of MeOH and the presence of MeOH is explained by the solvent effect. Methanol presumably accelerates the rate of the retro-Michael process to afford (Ϯ)-1, then the thermodynamically favored (Ϯ)-7 could be obtained from (Ϯ)-1 as a major product.
This reaction was effectively applied to the synthesis of osmundalactone 11, which is an aglycone of osmundalin isolated from Osmunda japonica THUNBERG (Akaboshi zenmai), which acts as a feeding inhibitor for the larvae of butterfly Eurema hecabe mandrarina. Finally, the acetate ((Ϫ)-13) was exposed to enzymatic hydrolysis using the lipase "Amano P" from Pseudomonas sp. Then, the reaction of (Ϫ)-(4S,5S)-1 with dimethylamine was carried out. The reaction of (Ϫ)-(4S,5S)-1 with dimethylamine hydrochloride (2 eq)-triethylamine (2 eq) in MeOH gave a 1.7 : 1 diastereomeric mixture of (3R,4S,5S)-14 and (3S,4S,5S)-15 in 81% yield. This mixture was again exposed to MeOH at 40°C for 2 d to provide the rearranged (Ϫ)-(4R,5S )-16 (61%, [a] D Ϫ115.9°(cϭ1.02, CHCl 3 )) and (4S,5S )-1 (13%) along with the starting mixture (25% recovery) of 14 and 15. This phenomenon was also understood by the same explanation as the preparation of (Ϯ)-7 from (Ϯ)-1.
Hydrogenation of (Ϫ)-(4R,5S)-16, followed by treatment with 80% AcOH, gave the d-lactone ((4R,5S)-17) which was reduced with diisobutylaluminum hydride (DIBAH) to pro-
The physical data of the synthesized L-(Ϫ)-18 were consistent with those ([a] D ϩ86.1°(cϭ0.9, MeOH) and NMR) of Dforosamine 18. 6) In conclusion, in the reaction of 4,5-epoxy-2(E)-hexenoate 1 with a secondary amine, the 1,4-conjugated addition of secondary amine to the a,b-unsaturated ester moiety may occur to provide a diastereomeric mixture of (4,5)-epoxy-3-N-substituted amino esters. From this mixture, the product distribution between a 4,5-anti-2(E)-hexenoate such as 7 or 16 and an enantiomerically pure 4,5-epoxy-3-N-substituted amino ester such as 6 was found to depend upon the reaction condition and the nature of the secondary amine used.
Experimental
All melting points were measured on a Yanaco MP-3S micro melting point apparatus and are uncorrected. . ii) To a solution of (Ϯ)-1 (1.42 g, 10 mmol) in MeOH (5 ml) was added N-benzylmethylamine (2.69 g, 22 mmol), and the whole mixture was allowed to stand for 2 d at 40°C. The reaction mixture was evaporated and the residue was directly chromatographed on silica gel (60 g, n-hexane : AcOEtϭ9 : 1) to afford (Ϯ)-6 (0.789 g, 30%) as a colorless oil and (Ϯ)-7 (1.735 g, 66%) as a colorless oil in eluate order.
Methylation of (؎)-4 and (؎)-5 i)
To a solution of (Ϯ)-4 (0.14 g, 0.6 mmol) in CH 2 Cl 2 (1 ml) was added methyl iodide (1 ml), and the whole mixture was allowed to stand for 12 h at 0°C. The reaction mixture was diluted with 7% aqueous NaHCO 3 and extracted with CH 2 Cl 2 . The organic layer was washed with saturated brine, dried over MgSO 4 and evaporated. The residue was chromatographed on silica gel (10 g) to give (Ϯ)-6 (0.07 g, 48%) from n-hexane : AcOEtϭ9 : 1 eluate and (Ϯ)-4 (0.03 g, 23%) from nhexane : AcOEtϭ1 : 1 eluate. The spectral data (IR and NMR) of (Ϯ)-6 were identical with those of the previous (Ϯ) -6 . ii) To a solution of (Ϯ)-5 (0.12 g, 0.5 mmol) in CH 2 Cl 2 (1 ml) was added methyl iodide (1 ml), and the whole mixture was allowed to stand for 12 h at 0°C. The reaction mixture was diluted with 7% aqueous NaHCO 3 and extracted with CH 2 Cl 2 . The organic layer was washed with saturated brine, dried over MgSO 4 and evaporated. The residue was chromatographed on silica gel (10 g) to give (Ϯ)-8 (0.04 g, 33%) from n-hexane : AcOEtϭ9 : 1 eluate and (Ϯ)-5 (0.05 g, 46%) from nhexane : AcOEtϭ1 : 1 eluate. ). Acetylation of (؎)-7 A solution of (Ϯ)-7 (1.11 g, 4.2 mmol) and Ac 2 O (0.53 g, 5.2 mmol) in pyridine (10 ml) was stirred for 12 h at room temperature. The reaction mixture was diluted with H 2 O and extracted with ether. The organic layer was washed with 2 M aqueous HCl, 7% aqueous NaHCO 3 and saturated brine, and dried over MgSO 4 . The organic layer was evaporated to give a residue which was chromatographed on silica gel (20 g, nhexane : AcOEtϭ9 : 1) to afford (Ϯ)-9 (1.13 g, 88%) as a homogeneous oil. 
Acetal Formation from (؎)-7
To a solution of (Ϯ)-7 (0.22 g, 0.8 mmol) in Tetrahydrofuran (THF) (2 ml) was added benzaldehyde (0.3 g, 2.7 mmol) and potassium tert-butoxide (0.15 g, 1.2 mmol) at 0°C, and the whole mixture was stirred for 15 min at 0°C. The reaction mixture was diluted with saturated aqueous NH 4 Cl and extracted with ether. The organic layer was washed with saturated brine, dried over MgSO 4 and evaporated. The residue was chromatographed on silica gel (10 g, n-hexane : AcOEtϭ20 : 1) to give (Ϯ)-10 (0.145 g, 47%) as a homogeneous oil. Treatment of (؎)-6 with MeOH i) A solution of (Ϯ)-6 (0.1 g, 0.4 mmol) in MeOH (2 ml) was allowed to stand for 4 d at 40°C. The reaction mixture was worked up in the same way as for the preparation of (Ϯ)-6 and (Ϯ)-7 from (Ϯ)-1 to afford (Ϯ)-6 (0.03 g, 30%) and (Ϯ)-7 (0.054 g, 54%). ii) A solution of (Ϯ)-6 (0.1 g, 0.4 mmol) in MeOH (2 ml) was allowed to stand for 2 d at 40°C. The reaction mixture was worked up in the same way as for i) to afford (Ϯ)-1 (0.009 g, 16%), (Ϯ)-6 (0.021 g, 21%) and (Ϯ)-7 (0.044 g, 43%).
Treatment of (؎)-8 with MeOH A solution of (Ϯ)-8 (0.14 g, 0.5 mmol) in MeOH (2 ml) was allowed to stand for 4 d at 40°C. The reaction mixture was worked up in the same way as for the preparation of (Ϯ)-7 from (Ϯ)-1 to afford (Ϯ)-7 (0.116 g, 83%).
Methyl ( Treatment of (3S,4R,5R)-6 with CF 3 SO 3 H To a solution of (3S,4R,5R)-6 (0.42 g, 1.6 mmol) in CH 2 Cl 2 (40 ml) was added trifluoromethanesulfonic acid (0.4 ml) at Ϫ20°C, and the whole mixture was stirred for 2 h at the same temperature. The reaction mixture was diluted with cooled 7% aqueous NaHCO 3 and extracted with CH 2 Cl 2 . The organic layer was washed with saturated brine, dried over MgSO 4 and evaporated. The residue was chromatographed on silica gel (10 g, n-hexane : AcOEtϭ3 : 1) to give (3S,4R,5S)-12 (0.286 g, 72%) as a homogeneous oil. (3S 3.01 (1H, dt, Jϭ6, 10 Hz), 3.44 (1H, t, Jϭ10 Hz), 3.50, 3.72 (each 1H, d, Jϭ13 Hz), 4.10 (1H, dq, Jϭ6, 10 Hz), m) Acetylation of (3S,4R,5S)-12 A solution of (3S,4R,5S)-12 (0.26 g, 1 mmol) and Ac 2 O (4 ml) in AcOH (2 ml) was stirred for 12 h at room temperature. The reaction mixture was diluted with toluene and evaporated. To the residue was added 7% aqueous NaHCO 3 , and the whole was extracted with ether. The organic layer was washed with saturated brine and dried over MgSO 4 . The organic layer was evaporated to give a residue which was chromatographed on silica gel (10 g, n-hexane : AcOEtϭ4 : 1) to afford (4R,5S)-13 (0.145 g, 82%) as a homogeneous oil. (4R,5S ) 4.60 (1H, dq, Jϭ7, 7 Hz), 5.28 (1H, ddd, Jϭ1, 3, 7 Hz), 6.11 (1H, dd, Jϭ1, 10 Hz), 6.78 (1H, dd, Jϭ3, 10 Hz) . Anal. Found: C, 56.31; H, 6.13. (؊)-Osmundalactone 11 A mixture of (4R,5S )-13 (0.09 g, 0.5 mmol) and lipase Amano P (0.1 g) in 0.1 M phosphate buffer solution (20 ml) was stirred for 2 d at 30°C. The reaction mixture was extracted with AcOEt and the organic layer was dried over MgSO 4 . The organic layer was evaporated to give a residue which was chromatographed on silica gel (10 g, n-hexane : AcOEtϭ1 : 1) to afford (Ϫ)-11 (0.062 g, 92%). Crystallization of (Ϫ)-11 from benzene gave a colorless crystal (Ϫ)-11. 4.25 (1H, dt, Jϭ2, 9 Hz), 4.39 (1H, dq, Jϭ6, 9 Hz), 5.97 (1H, dd, Jϭ2, 10 Hz), 6.88 (1H, dd, Jϭ2, 10 Hz) . Anal. Found: C, 56.14; H, 6.37. Calcd for 
